The paper deals with the effects of agricultural soils management on surface runoff in winter and early spring period. Cryogenic processes that take place in soils can cause temporary reduction of infiltration capacity of soil. In the periods of snow-thawing and rain these phenomena induce conditions promoting the occurrence of surface runoff and floods.
Introduction
In temperate and transient subtropical and subarctic zones as well as in mountain regions with a vertically differentiated climate, the periods of decreasing air temperature are usually associated with a soil temperatures decrease. The result of a gradual penetration of below-zero temperatures into the soil is its freezing. The thickness and water content of seasonally frozen soil layers determine a water balance of land units in the landscape in winter and early spring period.
The surface runoff from agricultural land is considered to be a harmful phenomenon, which cause local (and in winter seasons also regional) floods. It is the cause of erosion and moisture deficit on slopes; while on the flatland (e.g. in depressions or shallow hollows) causes water logging and, thus, also an undesirable delay of tillage operations or winter crop damage.
In some parts of the world (e.g. northwest of the USA and in Scandinavia) runoff from frozen soil surfaces may be the main risk factor of floods connected with soil erosion (Seyfried and Flerchinger, 1994; Øygarden, 2003) . In arid regions, runoff from frozen soil surfaces reduces the groundwater recharge (Schillinger, 2001) . Improved tillage methods can potentially be developed to increase the rate of infiltration of winter precipitation (Pikul et al., 1996; Kaljužnyj and Pavlova, 1988) . On the other hand, phenomena taking place both in and on the frozen soil show only a small effect on hydrological processes in mountainous areas, where the depth of snow cover can be even more than 10 m in some localities (Hejcman et al., 2006) .
The mechanism of surface runoff from frozen soil differs considerably from that which occurs after downpours on non-frozen soil (Fohrer et al., 1999) . It is therefore not possible to use the same prediction models in both cases, for example the CN method (McCool et al., 1995) . Whereas prediction of surface runoff on non-frozen soil requires knowledge of the intensity and duration of rainfall and the properties of a soil surface crust, runoff models for frozen soil surface require data about thickness of frozen layer, water distribution in soil, and number of periods of thawing and freezing (Hayhoe et al., 1993; Stähli et al., 1996) . This paper does not present an exhaustive description of the frozen horizon development. These problems are discussed in detail in many publications on the relatively young scientific disciplinecryopedology, which has been developed principally by Russian, American, Canadian and Scandinavian scientists (e.g. Sokolov et al., 1980; Nazarov, 1981; Palagin, 1988; Schillinger, 2001; Stähli et al, 1996; Øygarden, 2003 and others) .
This research was focused on formation of surface runoff from agricultural land after winter precipitations. The objective was to estimate the proportion of surface runoff resulting from winter precipitations on loose loamy soils (winter cereal crops sown after plowing) and on settled soils (perennial forages) to explain the changes in infiltration rate of these soils during the winter season. Another objective of this research was to contribute to the explanation of winter precipitations participation in the accumulation of soil water and ground water in the pre-growing period.
Material and methods
Effects of frost on water regime of agricultural soils were studied on a research station in BrnoKníničky, Czech Republic (49 o 14′1.3″ N; 16 o 31′39″E), since 1965 to 2002. The system consisted of six rectangular plots (5 x 4 m) exposed southwards and arranged into three pairs (A, B, C), which differed in slope (I A = 8 %, I B = 3 %, I C = 12 %). In the lower part each plot, a concrete gutter was connected to a reservoir enabling collection and measuring of surface runoff. The soil in these model catchment areas was classified as a silt loam, orthic luvisol. Runoff phenomena were studied with regard to the crop and tilling operations. In the course of the experiment, the crops were changed in accordance with the objectives of the research projects. This paper analyzes ten winter seasons when the experimental runoff plots were covered by simultaneously grown winter wheat (sown after deep tillage to 200 mm) and perennial forages (grassland, ley or alfalfa -no tillage). The perennial forages were cut three to four times per year.
The following parameters were evaluated: runoff coefficient φ o and infiltration coefficient φ i ; the former was defined as the ratio of height of surface runoff (H o ) to the given precipitation (H s ) while the latter as a ratio of the height of infiltrated water layer (H i ) to the precipitation (H s ). For snow with a smooth surface, the average value of evaporation 0.21 mm d -1 (Kasprzak, 1975 in Novák, 1995 was also taken into account.
Data in Fig. 1 (instantaneous φ i values) were based on: 1. observation after snow thawing periods, when disappearance of snow cover occurs 2. measuring of surface runoff volumes in periods of winter rains (the most accurate, majority of data, snow water equivalent was measured).
The obtained values of φ o were statistically processed using the method of t-test for independent samples at the significance level of P = 0.01. This procedure was used because of considerable differences in meteorological characteristics in particular winter seasons.
Results and discussion
Meteorological data in 10 individual winter periods and corresponding surface runoffs occurring in stands of winter wheat and perennial forages are presented in Tab. 1. Only 10 individual winter seasons could be used for comparison of surface runoffs between winter wheat and perennial forage crops as during other winter periods these crops were not grown simultaneously. Differences in surface runoff coefficients of these crops and also the depths of frozen soil layer are presented in Tab. 2. The process of decreasing permeability of soil, which begins after the permanent onset of negative temperatures, results from its increasing water content and blocking of soil pores by ice. There are two major sources of water for the formation of impermeable ice layer in soil:
-Water from thawing snow and/or from rainfalls occurring during episodic thaws (i.e. a discontinued supply of soil water) -Water migrating from deeper (unfrozen) soil layers towards the freezing front (i.e. a continual supply, which takes place during the whole period of frozen soil). The permeability of frozen soil depends on the volume and continuity of air filled pores. In soils loosened by plowing (i.e. in stands of winter wheat), the proportion of these coarse pores is relatively high so that the amount of water necessary for their blockade is much higher than in settled soils with a predominating proportion of capillary pores (i.e. in perennial forage crops, grassland and stubble fields). This means that in loose soils the process of filling up of free pores and of a gradual reduction of infiltration capacity of soil is much slower than in compact, settled soils (Tab. 3). After a rainy autumn, when the content of water in freezing soil is high, the decrease in infiltration rate begins immediately after the freezing of both loose and settled soil (Fig. 1) .
Freezing of soils is often accompanied by the formation of ice layers and/or ice lenses which can be several centimeters thick. Occurrence of these formations indicates a significant reduction of infiltration rate of frozen soils. Their formation is closely related to the phenomena taking place when the soil water migrates from the lower unfrozen layers to the freezing front of and is transformed to ice. The different forms of ice in the frozen soil were described by Trimble et al. (1972) .
In all winter periods under study, surface runoffs from perennial forages were higher than those from winter wheat stands. It is assumed that the reasons of this phenomenon were increased air-filled soil porosity and a decreased intensity of upward water migration (capillary rise) in winter wheat stands. This then resulted in a higher requirement of water for filling of soil pores and in their later blockade by ice compared to settled soil of perennial forages (it means postponed term of an onset of surface runoffs). In loosened (i.e. ploughed) soil the thickness of water-saturated frozen horizon was greater and duration its impermeable state was shorter than in settled soils without cultivation. This means that a higher percentage of winter precipitation could infiltrate into the ploughed soil.
On the other side, extensively managed grasslands (one or two cuts per year) create favourable microclimate for edaphon, resulted in higher proportion of soil macropores providing reduction of surface runoffs both, in winter and in summer seasons. The total surface runoffs from those stands are lover than from conventional grasslands and can be even lower than from arable land (Hejduk, 2009) .
Reliability and authenticity of simulated tillage measures was corroborated by the fact that, on experimental plots, the runoffs occurred always in the same time intervals and that its duration was the same as on the neighboring agricultural fields managed by means of conventional agricultural methods.
Generally, the seasonal runoff coefficients φ o at stand Brno-Kníničky were much higher in comparison to those recorded at higher altitude of Bohemian-Moravian Upland with deep snow pack and shallower soil frost penetration (Hejduk, 2009) .
The intensity and degree of cryogenic reduction of infiltration rate of soil is also dependent on antecedent soil water content, duration and value of air temperatures below zero, on character of precipitation (rain or snow) and on the presence or absence of autumn mechanical cultivation. On soils without cultivation, the decrease of infiltration rate occurs faster and to a higher degree than on cultivated soils. However, there are some phenomena which shade the effect of mechanical cultivation such as prolonged freezing temperatures or frequent episodic thaws with rains. Such weather conditions accentuate surface runoff on slopes and lead to waterlogging in alluvia and terrain depressions.
As there were three levels of slope used in this experiment, it can be stated that surface runoff was not always higher on more steep slopes. The reason for that is probably more intensive insolation (south inclination) and subsequently shallower frost penetration at steeper slopes. Another reason can be lower water retention on soil surface after short periods of thawing which leads to faster blocking of surface soil porosity on flatland during subsequent freezing period. It can lead in some situation to lover infiltration rates at plain fields in comparison to slopes.
This research was executed in lowland area with relatively low height of snow pack and deeper soil frost penetration compared to higher altitudes. The results of this experiment can not be generalized for all round areas with seasonally frozen soil. In lowlands, there are potentially fertile and deep soils, which are potentially able to retain all, infiltrated water from winter precipitation and provide it to plants in advanced season. Presented results show that in some winter periods more than 50% of water from thawing snow can be lost by overland flow. Soil tillage is able to reduce these losses significantly.
Considering that in central Europe the majority of climate models predict less rainfalls during the growing season and increased precipitations during the winter, it can be concluded that water losses caused by winter and early spring surface runoff will be further intensified (Dumbrovsky et al., 2005) .
